W FEAT IS INTRINSICALLY "VISUAL"
about visual thalamus and cortex? Can visual projections be induced into nonvisual targets, and are these projections functional? The organization of the visual pathway in ferrets is similar to that in cats (1); the visual system of cats has been studied extensively both anatomically and physiologically. However, unlike cats, retinofugal projections in ferrets are very immature at birth (2); we reasoned that it might be possible to induce extensive plasticity in the retinothalamic pathway by surgery in neonatal ferrets.
Retinal targets were reduced in newborn ferret pups by ablating the superior colliculus and visual cortical areas 17 and 18 of one hemisphere (3) (Fig. 1) . Ablating visual cortex causes the lateral geniculate nucleus (LGN) in the ipsilateral hemisphere to atrophy severely by retrograde degeneration. Concurrently, alternative target space for retinal afferents was created in the medial geniculate nucleus (MGN) by either ablating the inferior colliculus or sectioning fibers ascending to the MGN in the brachium of the inferior colliculus (4, 5). 
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Experiments were done on 10 normal adult ferrets and 16 operated ferrets that were reared to adulthood. In five operated animals, intravitreal injections of anterograde tracers (6) revealed retinal projections to normal thalamic targets, including the surviving, shrunken LGN, as well as aberrant projections to auditory thalamic nuclei (Fig. 2) . The new retinal projection zones included patches of the dorsal, medial, and ventral (or principal) divisions of the MGN, as well as parts of the lateral posterior nucleus and the posterior nuclear complex adjacent to the MGN. The retinal projections to the MGN complex occupied up to one-third of the volume of the MGN. We confirmed that the MGN in operated animals projected normally to auditory cortex ( Fig. 1) , both by the transneuronal label in auditory cortex after intraocular injections (6) and by the extensive retrograde labeling of cells in the MGN after restricted injections of horseradish peroxidase (HRP) or fluorescent retrograde tracers into primary auditory cortex (Fig. 2) .
These experiments also indicated that the ipsilateral MGN is the major route for visual inputs to reach primary auditory cortex. Along with receiving major thalamic projections from the various divisions of the MGN (7), the primary auditory cortex in operated animals retained its connections with other auditory cortical areas. These included ipsilateral and contralateral connections with the second auditory area located lateral to primary auditory cortex and with areas on the ectosylvian gyrus located anterior, posterior, and ventral posterior to primary auditory cortex (8).
We next recorded responses of cells electrophysiologically from the MGN in operated animals (9) and compared visual responses there with responses from the surviving LGN in the same animals as well as from the LGN in normal animals. We studied the visual responses of single cells to various tests (10). We also tested the auditory responses of cells in the auditory thalamus with click or tone stimuli delivered through earphones.
In the LGN of normal animals, we recorded X, Y. and W cells (Fig. 3A) in four normal animals) . The latencies in normal animals were significantly shorter than those in operated animals (P < 0.005, Mann-Whitney U test, for a comparison of mean latencies in individual animals). Cells in primary auditory cortex that were driven by visual stimulation formed a subset of the cells that were driven by electrical stimulation of the optic chiasm (Table 1 ). Visual cells in auditory cortex had large receptive fields and preferred slowly flashing or moving large spots or bars. As in the MGN, receptive fields were confined to the contralateral hemifield (19). About 25% of the cells that we could drive visually (10 of 38 units) showed direction selectivity. About 20% of cells showed orientation selectivity (Table 1) (Fig. 4) 
(20). All of the oriented cells had coextensive on and off
LGd zones and responded to light onset and offset or to light and dark edges, and we classified them as complex (21, 22). We could drive few neurons in the MGN or primary auditory cortex of the operated hemisphere with acoustic stimuli. This result was not unexpected because we had deafferented the MGN, but it confirmed that severed axons did not regenerate from the inferior colliculus to the MGN, at least not in large numbers. We could reliably elicit auditory responses from the MGN and primary auditory cortex in the unoperated hemisphere. We could not elicit responses to either electrical stimulation of the optic tract or visual field stimulation from cells in primary auditory cortex in normal animals (n = 48 single and multiple units) (23).
These results demonstrate that retinal projections can be induced to grow into nonvisual thalamus in ferrets and that these projections can impart visual fimction (that is, visual driving and discernible receptive field properties) to cells in nonvisual thala- Apart from the retinal cell classes that are involved in novel projections to the auditory system, our experiments provide a direct comparison of visual responses of neurons in the normal visual pathway with those induced into a pathway through nonvisual thalamus to cortex resembling those in primary visual cortex. Ideally, an evaluation of visual response features in primary auditory cortex and in normal striate cortex, for example, should inivolve cells that receive input from the same class of retinal ganglion cell in both structures (27). Still, our experiments suggest that some of the transformations on visual input performed in visual structures such as primary visual cortex in normal animals are possible as well in the primary auditory cortex in operated animals. One possibility consistent with our results is that visual inputs induce the development of specific intrinsic connections in primary auditory cortex resembling those in primary visual cortex. An alternative possibility is that intrinsic processing in primary auditory cortex may be similar in certain respects to that in primary visual cortex. This similarity might allow auditory cortex to process visual information; indeed, a parsimonious explanation of our results is that primary areas of sensory neocortex perform certain similar, stereotypical operations on input regardless of modality (28).
